Purpose. Antifungal resistance and several putative virulence factors have been associated with the pathogenicity of the Candida parapsilosis species complex. The objective of this study was to evaluate the antifungal susceptibility, the production of virulence factors and the pathogenicity of the C. parapsilosis complex.
INTRODUCTION
The Candida parapsilosis species complex comprises saprobic and commensal yeasts of the human and animal microbiota [1] [2] [3] . However, the species of this complex have emerged as important pathogens in tertiary hospitals in several countries in Asia, Europe, and North and Latin America [4] [5] [6] [7] .
C. parapsilosis sensu stricto is the most frequently isolated species of the complex from clinical samples of immunocompromised patients suffering from candidemia [7] [8] [9] , associated with the use of central venous catheters and other medical devices, followed by C. orthopsilosis and C. metapsilosis [7, 9, 10] .
Since 2005, when C. parapsilosis was recognized as a complex consisting of three cryptic species [11] , the biological differences concerning antifungal susceptibility, production of virulence factors [12] [13] [14] [15] [16] and pathogenicity [17] have been investigated, but there is still much to elucidate about the pathophysiology of the infections with these yeasts.
In this context, the objective of this study was to characterize the species of the C. parapsilosis complex, for their in vitro antifungal susceptibility, biofilm formation, phospholipase and protease production, and haemolytic activity. Finally, the pathogenicity of the isolates against Caenorhabditis elegans was investigated by the survival assay.
METHODS

Micro-organisms
In total, 77 isolates of the C. parapsilosis complex were used in this study (49 C. parapsilosis sensu stricto, 19 C. orthopsilosis and nine C. metapsilosis), from animal (n=50), human (n=12) and environmental (n=15) sources. These strains belong to the culture collection of the Specialized Medical Mycology Center (CEMM) of Federal University of Cear a, Brazil. Initially, the isolates were grown in yeast extractpeptone dextrose broth (YEPD) at 35 C for 48 h and maintained at 25 C on potato dextrose agar. Then, they were subjected to phenotypic screening to evaluate the macromorphology of the colonies on chromogenic agar, and the micromorphological aspects of C. parapsilosis sensu lato on corn meal Tween 80 agar. Finally, the identification of the cryptic species was confirmed through PCR restriction enzyme analysis, targeting the SADH gene using the BanI restriction enzyme (New England Biolabs, USA) [11] .
Antifungal susceptibility of planktonic C. parapsilosis species The MIC of fluconazole (FLC), itraconazole (ITC), voriconazole (VRC), amphotericin B (AMB) and caspofungin (CAS) against planktonic cells of C. parapsilosis sensu stricto (n=49), C. orthopsilosis (n=19) and C. metapsilosis (n=9) were determined through broth microdilution, according to documents M27-A3 and M27-S4 of the Clinical and Laboratory Standards Institute (CLSI) [18, 19] . The concentrations of the tested drugs ranged from 0.031 to 16 µg ml À1 for ITC, VRC, AMB and CAS, and from 0.125 to 64 µg ml
À1
for FLC. The antifungal interpretive breakpoints were as follows: for FLC, MICs 2 µg ml À1 indicate susceptibility, 4 µg ml À1 dose-dependent susceptibility and !8 µg ml À1 resistance; for ITC and VRC, MICs 0.12 µg ml À1 indicate susceptibility, 0.25-0.5 µg ml À1 dose-dependent susceptibility and !1 resistance; for AMB, MICs!1 µg ml À1 indicate decreased susceptibility, and for CAS, MICs 2 µg ml À1 indicate susceptibility, 4 µg ml À1 intermediate susceptibility and !8 resistance. MICs were also interpreted based on the epidemiological cutoff value (ECV) for each drug, which divides the isolates into two populations: WT, when MIC values are lower than or equal to the ECV of a given drug, and non-WT (NWT), when the MIC values are higher than the ECV of a given drug. A non-WT micro-organism shows reduced susceptibility to a given drug and it is suggested that it has acquired resistance mechanisms to this drug. Based on this, ECVs have been established for isolates of C. parapsilosis sensu lato [20] , and the following values were used: FLC >2, ITC >0.5, VRC >0.12, AMB >2, CAS >1. Moreover, C. parapsilosis ATCC 22019 was included as a quality control for each test [18, 19] .
Biofilm formation, sessile antifungal susceptibility and structural analysis after drug exposure For the evaluation of biofilm-forming ability of the isolates, fungal inocula were prepared as described by Cordeiro et al. [21] . Briefly, the C. parapsilosis complex isolates were grown in Sabouraud dextrose broth (Himedia; India) and incubated for 24 h at 35 C. Then, the cells were collected through centrifugation (3000 r.p.m., 10 min) and the pellet was washed twice with PBS. Suspensions were adjusted to 1 on the McFarland scale (equivalent to 1Â10 6 c.f.u. ml À1 ) in RPMI medium and then 200 µl aliquots were transferred to flat-bottomed 96-well polystyrene plates, which were incubated at 35
C for 48 h. Afterwards, the wells were washed three times with PBS to remove non-adherent cells and the adhered cells were fixated with 100 µl of 100 % methanol. Then, 100 µl aliquots of 0.3 % crystal violet were added to each well. After 20 min at 25 C, the dye solution was aspirated and the wells were washed twice with 200 µl sterile distilled water. Finally, 150 µl of 33 % acetic acid were added to stained wells and, after 30 s, the volume was transferred to another plate and the OD of the acetic acid was immediately read in a spectrophotometer at 590 nm. The cutoff value (ODc) for biofilm production was defined as three standard deviations above the mean OD at 590 nm (OD 590 ) of the yeast-free sterility control. At the end, the isolates were classified as non-biofilm producers (OD 590 ODc), weak producers (ODc<OD 590 2ÂODc), moderate producers (2ÂODc<OD 590 4ÂODc) or strong producers (4ÂODc<OD 590 ). Biofilm production assays were conducted in triplicate.
Antifungal susceptibility of sessile cells was performed as described by Brilhante et al. [3] , with 27 biofilm-producing isolates (nine C. parapsilosis sensu stricto, nine C. orthopsilosis and nine C. metapsilosis). Biofilm formation was induced as described above. After 48 h for biofilm formation, the medium was aspirated and each well was washed three times with sterile PBS. Afterwards, 200 µl aliquots of RPMI 1640 medium containing serial twofold dilutions of each antifungal drug were added to the wells containing mature C. parapsilosis complex biofilms and the plates were incubated at 35
C for a further 48 h. The antifungal drugs were tested at the following concentration ranges: FLC 1-512 µg ml
; ITC, VRC, AMB 0.25-128 µg ml À1 ; CAS 0.125-64 µg ml
. For each tested strain, drug-free biofilm growth control and yeast-free sterility controls were included. Finally, biofilm metabolic activity was quantified using the 2.3-bis (2-methoxy-4-nitro-5-sulfo-phenyl)-2H-tetrazolium-5-carboxanilide (XTT) reduction assay. Moreover, 100 µl aliquots of XTT menadione (0.1 mg ml À1 XTT, 1 mM menadione, Sigma Chemical) were added to each well, and the plates were incubated in the dark for 2 h at 35 C, followed by spectrophotometric readings at 492 nm. The antifungal sessile MICs (SMIC) against biofilm cells were determined as the concentrations able to cause 50 % (SMIC 50 ) or 90 % (SMIC 90 ), for amphotericin B, inhibition of biofilm metabolic activity, when compared to the drug-free biofilm growth control of each strain. Additionally, the C. parapsilosis complex mature biofilms were also quantified for their biomass, after 48 h exposure to different concentrations of FLC, ITC, VRC, AMB and CAS, through the crystal violet staining assay, as described above. Experiments were carried out in triplicate and the strain C. albicans ATCC 10231 was used as a positive control.
For the structural analyses of unexposed and antifungalexposed mature biofilms of three strains of the C. parapsilosis complex, confocal laser scanning microscopy (CLSM) and scanning electron microscopy (SEM) were used. For CLSM, mature biofilms were grown directly on Thermanox coverslips, using 12-well tissue culture plates. After 48 h of growth, the coverslips were washed with PBS and different AMB and CAS concentrations were added to the samples. The concentrations of AMB and CAS were based on their SMIC 90 and SMIC 50 , respectively, i.e. 128 and 64 µg ml C. Unexposed growth controls were incubated in RPMI 1640 only. After incubation, biofilms were washed with PBS and Live/Dead fluorescent dye (Invitrogen TM151) was added and the Thermanox coverslips were evaluated under a confocal microscope (Nikon C2), at 488 nm for the detection of SYTO9 fluorescent dye, which identifies live cells, and at 561 nm for the detection of propidium iodide, which identifies dead/damaged cells [3] . For image analyses, seven equidistant points of the coverslips were submitted to Z-stacked capture of the images, for three-dimensional image analysis. Biomass, roughness coefficient, surface-to-volume ratio, maximum thickness, average thickness of the entire area and biomass average thickness were calculated for unexposed and antifungal-exposed biofilms, with the software COMSTAT.
In addition, biofilms of the three C. parapsilosis complex strains were analysed by SEM, according to Brilhante et al. [3] . Biofilm formation was induced as described above, using Thermanox coverslips as substrate, and analyses were performed with drug-free and antifungal-exposed biofilms. After incubation, biofilm supernatants were removed, and slides were washed with cacodylate buffer (0.15M) twice. Biofilms were then covered with glutaraldehyde (2.5 % in cacodylate buffer 0.15M) and incubated at 4 C overnight. Then, biofilms were washed twice with cacodylate buffer for 5 min and slides were dehydrated in ascending ethanol concentration (50, 70, 80, 95 and 100 %) twice, for 10 min at each concentration. Slides were dried at room temperature and covered with hexamethyldisilazane (HMDS) during 30 min. The HMDS was removed and slides were dried overnight, coated with 10 nm of gold (Emitech Q150T) and observed with FEI Inspect S50 scanning electron microscope, in the high vacuum mode at 15 kV. Images were processed with Photoshop (Adobe Systems, San Jose, CA).
Phospholipase production
Phospholipase production of the 77 isolates of the C. parapsilosis complex was assessed, as previously described [22] . Briefly, the medium used was 2 % Sabouraud dextrose agar (Difco; Brazil), supplemented with 1 mol l À1 of sodium chloride, 0.05 mol l À1 of calcium chloride and 8 % sterile egg yolk emulsion, at a concentration of 30 %. The yeasts were previously grown in YEPD broth at 35 C for 24 h. Afterwards, fungal suspension was centrifuged at 3000 r.p.m. for 10 min and the supernatant was discarded. Subsequently, fungal inocula were prepared in sterile saline solution (0.9 % NaCl) and adjusted to turbidity of 4.0 on the McFarland scale (equivalent to 1-3Â10 7 c.f.u. ml
À1
). A 10 µl drop of each inoculum was placed on a 5 mm sterilized filter paper disk, which was then placed on the agar. The plates were incubated at 35 C, for 7 days. Phospholipase activity (Pz) was determined by calculating the ratio between the diameter of the fungal colony and the total diameter, including the colony and the precipitation zone. Thus, when Pz=1, the isolate is phospholipase negative and when 0.64 Pz<1, the isolate is positive for Pz.
Protease production
Protease production of the isolates of the C. parapsilosis complex (n=77) was tested according to Brilhante et al. [22] . The test medium was bovine serum albumin agar (BSA), containing 2 % dextrose, 0.1 % yeast extract, 0.5 % NaCl, 0.25 % K 2 HPO 4, 0.02 % MgSO 4 Á7H 2 O, 1.5 % bacteriological agar and 0.25 % bovine serum albumin (SigmaAldrich; Brazil). The yeasts were previously cultured, and the inoculum prepared under the same conditions as described for phospholipase production. Subsequently, 10 µl of each inoculum was pipetted onto 5 mm sterilized filter paper disks, which were deposited on plates containing BSA. The plates were incubated at 35 C for up to 5 days. The enzymatic activity (Pz) was determined by calculating the ratio between fungal colony diameter and total diameter, including colony and proteolysis zone. Thus, when Pz=1 indicates that the isolate is negative for protease production, while Pz<1 indicates that the isolate is positive for protease production.
Haemolytic activity
Haemolysin production by the isolates of the C. parapsilosis complex (n=77) was evaluated as described by Luo et al. [23] , with modifications. The test medium consisted of Sabouraud dextrose agar supplemented with 5 % fresh sheep blood and 3 % glucose (final concentration, w/v) (SigmaAldrich; Brazil). The yeast inocula were prepared under the same conditions as described for phospholipase production. Subsequently, 10 µl of each inoculum was spot inoculated on sheep blood agar medium, yielding a circular inoculation site of about 5 mm in diameter. The plates were incubated at 35
C for up to 18 h. The presence of a distinct translucent halo around the inoculum site, viewed with transmitted light, indicated positive haemolytic activity. The haemolytic index was determined by calculating the ratio between fungal colony diameter and total diameter, including colony and haemolytic zone. Thus, when Pz=1 indicates that the isolate is negative for the production of haemolytic factor and the haemolytic index was used to evaluate the intensity of haemolysin production by the different cryptic species. The strains Streptococcus pyogenes ATCC 19615 (beta-haemolytic) and S. sanguis ATCC 10556 (alpha-haemolytic) were used as controls. Hence, the terms beta-haemolysis and alpha-haemolysis were used as descriptive terms to indicate complete and incomplete haemolysis, respectively, and gamma-haemolysis for the absence of haemolysis.
Caenorhabditis elegans survival assay
To test the pathogenicity of the cryptic species, nine C. parapsilosis sensu stricto, nine C. orthopsilosis and nine C. metapsilosis were randomly selected and analysed through experimental infection using the nematode C. elegans, according to the protocols proposed by Brilhante et al. [3] . Briefly, L4 stage nematodes were previously cultured on nematode growth medium (NGM) containing Escherichia coli OP50 (negative control of pathogenicity). Strains of the C. parapsilosis complex were previously cultured on brain heart infusion agar (BHI) (Himedia; USA) supplemented with 100 µg ml À1 of ciprofloxacin for 48 h at 35 C. The isolate C. albicans ATCC 10231 was used as a positive control. Afterwards, the worms were washed off the NGM plates with M9 buffer and transferred to the plates containing the evaluated micro-organisms. The plates were maintained at 25 C for 2 h, allowing the nematodes to feed on the tested micro-organisms. After this period, the nematodes were subjected to three consecutive washes in BHI broth and approximately 60 worms were collected and placed in wells of a six-well microtitre plate that contained 2 ml of a liquid medium (79 % M9 buffer, 20 % BHI, 10 mg ml À1 of cholesterol in ethanol and 100 mg ml À1 of ciprofloxacin). These plates were incubated at 25 C, and nematode viability was analysed at 0, 24, 48, 72 and 96 h to determine the mortality rate. The worms were considered dead if fungal structures were observed breaking through the nematode pseudocoelom and cuticle and/or they did not respond to mechanical stimuli. Dead worms were removed from the wells throughout the 96 h of experiment.
Statistical analysis
The results were initially evaluated through Student's t-test or ANOVA, and means were compared by Tukey's posthoc test. In addition, Wilcoxon, Friedman or KruskalWallis' tests, followed by Dunn's post-hoc test were used for the comparison of data that presented asymmetry and/or high variances. In addition, Pearson's correlation coefficient was used to evaluate correlations between the production of the different virulence attributes. P-values lower than 5 % indicated significant conclusions. Statistical analyses were Table 1 . Antifungal susceptibility of planktonic cells of the Candida parapsilosis species complex 
RESULTS
The antifungal activity against the planktonic C. parapsilosis species complex is shown in Table 1 . In general, the strains were susceptible to the tested antifungal agents, with MIC ranges for FLC, ITC, VRC, AMB and CAS of <0.125-4, <0.031-0.5, <0.031-0.25, <0.031-0.5 and 0.031-8 µg ml À1 , respectively. One C. orthopsilosis strain was resistant to CAS (MIC 8 µg ml À1 , NWT) and susceptible-dose-dependent to ITC (0.25 µg ml Regarding biofilm production, 52/77 (67.5 %) C. parapsilosis complex isolates presented biofilm-forming ability: 34/49 (69.4 %) C. parapsilosis sensu stricto, 10/19 (52.6 %) C. orthopsilosis and 8/9 (88.9 %) C. metapsilosis, with no significant differences between species. Of these biofilmproducing isolates, 23/34 C. parapsilosis sensu stricto, 4/10 C. orthopsilosis and 2/8 C. metapsilosis were strong biofilm producers, as shown in Table 2 .
Concerning mature biofilm antifungal susceptibility, SMIC values were mainly not found for FLC, ITC and VRC. However, FLC at the highest tested concentration (512 µg ml À1 ) significantly reduced (P<0.05) the metabolic activity of C. metapsilosis mature biofilms. On the other hand, SMIC values were found for AMB and CAS against most isolates. SMIC 50 ranged from 0.25 to >128 and from 1 to >64 µg ml À1 for AMB and CAS, respectively, while SMIC 90 ranged from 4 to >128 for AMB and from 2 to >64 µg ml À1 for Pz: ratio between colony diameter and total diameter, including phospholipase precipitation zone or proteolytic zone (halo). C. parapsilosis sensu stricto (n=9) >512 (7) >512 (9) >128 (9) >128 (9) >128 (8) >128 (8) >128 (2) >128 (7) >64 (4) >64 (8) 512 (2) <0.25 (1) 0.25 (1) 128 (2) 128 (1) 64 (1) 64 (1) 16 (1) 64 (1) 32 (2) 4 (3) 16 (1) 2 (1) 8 (1) C. orthopsilosis (n=9) >512 (8) >512 (9) >128 (9) >128 (9) >128 (9) >128 (9) 32 (1) >128 (5) >64 (3) >64 (5) 512 ( CAS, as shown in Table 3 . Additionally, AMB and CAS significantly reduced (P<0.05) the metabolic activity of mature biofilms of the three cryptic species of the C. parapsilosis complex, especially C. metapsilosis, which presented significantly lower metabolic activity than that of C. parapsilosis sensu stricto and C. orthopsilosis biofilms, after AMB and CAS exposure (Fig. 1) .
The structural analysis of mature biofilms of the C. parapsilosis species complex, by CLSM and SEM, revealed different morphotypes of yeast cells within biofilm structure (Figs 2, 3 and S1, available in the online version of this article). CLSM and SEM revealed that mature biofilms of C. parapsilosis sensu stricto predominantly presented elongated cells and pseudohyphae evenly distributed throughout the biofilm structure, while C. orthopsilosis and C. metapsilosis biofilms were predominantly composed by blastoconidia and a few elongated cells (Figs 2, 3 and S1 ). This structural difference possibly makes C. parapsilosis sensu stricto biofilms slightly thicker and more heterogeneous than those of C. orthopsilosis and C. metapsilosis, as shown by higher maximum thickness and roughness coefficient values obtained for C. parapsilosis sensu stricto biofilms (30.9 ±11.3 µm and 0.87±0.63, respectively), when compared to those obtained for C. orthopsilosis (27.0±3.6 µm and 0.21 ±0.08, respectively) and C. metapsilosis (22.4±2.7 µm and 0.8±0.4, respectively) ( Table 4) .
As for the structural analysis of biofilms after exposure to AMB and CAS, CLSM analyses reveled an overall decrease in biofilm thickness and a reduction in the number of live cells (Fig. 2) and an increase in the number of dead/damaged cells (Fig. S1) . A tendency for the decrease in biomass values was observed, when compared to that of the drugfree growth control, for the three species, but this decrease was only statistically significant (P<0.05) for AMB against C. orthopsilosis and C. metapsilosis and for CAS against C. metapsilosis. Antifungal exposure also led to the destructuration of mature biofilms, increasing their roughness coefficient, but this increase was only statistically Fig. 1 . Metabolic activity of biofilms of C. parapsilosis complex, after exposure to antifungal drugs. Biofilm metabolic activity is expressed as mean±SD of the OD obtained after the reduction of XTT by C. parapsilosis complex biofilms exposed to different concentrations of amphotericin B and caspofungin. Control: antifungal unexposed growth control. *indicates statistically significant differences between the control and the drug-exposed biofilm for each concentration.
significant (P<0.05) for AMB against C. orthopsilosis and C. metapsilosis and for CAS against C. metapsilosis. Furthermore, exposure to AMB significantly decreased (P<0.05) the average thickness of the entire area of C. metapsilosis and C. orthopsilosis biofilms, while CAS significantly decreased (P<0.05) the average thickness of the entire area of C. parapsilosis sensu stricto biofilms (Table 4) . Finally, SEM analyses revealed collapsed, wrinkled and deformed blastoconidia, after exposure to AMB and CAS (Fig. 3) . erythrocytes, respectively. There were no statistical differences between the exoenzyme production between the cryptic species ( Table 2) .
Concerning the pathogenicity tests using the C. elegans model of infection, feeding the nematodes with the C. parapsilosis complex significantly increased (P<0.05) their mortality rate after 96 h of exposure, when compared to the negative control of pathogenicity (Table 5) . Several worms died showing fungal hyphae and pseudohyphae breaking through their pseudocoelom and cuticle (Fig. 4) .
DISCUSSION
Since 2005, when C. parapsilosis was recognized as a complex, many studies on antifungal resistance and virulence factors of these species have been conducted, as they are considered important opportunistic pathogens [11, 14, 15, 24] . However, the characterization of the C. parapsilosis complex is not complete yet, so further studies are needed to better understand their characteristics, including putative virulence traits and the antifungal susceptibility, especially for C. orthopsilosis and C. metapsilosis.
In this study, overall, C. parapsilosis complex strains were susceptible to the tested antifungals, similar to what has been shown by recent studies [15, 25] . However, one C. orthopsilosis was resistant of caspofungin and susceptible-dose-dependent to ITC and two other C. orthopsilosis isolates were susceptible-dose-dependent to FLC and ITC. In addition, one C. metapsilosis isolate was susceptibledose-dependent to azoles. Likewise, dose-dependent susceptibility to ITC and high caspofungin MIC values have been described against C. orthopsilosis [14, 26] , as well as dose-dependent susceptibility or resistance to azoles against C. metapsilosis strains [14, 15, 24] .
The WT MIC distribution and ECV of classical antifungals have been established for isolates of C. parapsilosis sensu lato. In the present study, one and two isolates of C. orthopsilosis were classified as NWT for CAS and FLC, respectively, while one isolate of C. metapsilosis was classified as NWT for FLC and VRC [20] . These findings suggest that isolates of these cryptic species have acquired antifungal resistance mechanisms.
The species of the C. parapsilosis complex are able to form biofilms on abiotic surfaces [13, 15, 27] . In this study, 67.5 % of the C. parapsilosis species complex formed biofilms in vitro. Although C. metapsilosis presented the highest percentage of biofilm-forming isolates, C. parapsilosis sensu stricto had the highest percentage of strong biofilm producer isolates, followed by C. orthopsilosis and C. metapsilosis, corroborating other studies that have considered C. parapsilosis sensu stricto as the most virulent species of the complex [11, 15, 26, 27] .
According to the literature, the mature biofilms formed by these species have similar topographic surface and three-dimensional architecture, as well as average biomass thickness without statistical differences between species [13, 28, 29] . According to these studies, C. metapsilosis and C. orthopsilosis biofilms consisted of irregular grouped yeast cells and minimal extracellular matrix, similar to those formed by C. parapsilosis sensu stricto. However, in this study, some structural differences were observed. C. parapsilosis sensu stricto biofilms were predominantly formed by pseudohyphae, while those of C. orthopsilosis and C. metapsilosis were predominantly formed by blastoconidia, which may have contributed for the slightly thicker and more heterogeneous structure C. parapsilosis sensu stricto biofilms. In addition, even though C. parapsilosis sensu stricto biofilms are slightly thicker than those of the other two species, their biomass values (4.16±3.36 µm 3 µm À2 ) are significantly lower than those obtained for C. orthopsilosis biofilms (11.60±4.53 µm 3 µm À2 ) and equal to those obtained for C. metapsilosis (4.12±1.88 µm 3 µm
À2
), which, in turn, may imply that C. parapsilosis sensu stricto biofilms have a more extracellular matrix than those of the other species.
Our study showed that the metabolic activity and crystal violet biomass of biofilms formed by cryptic species varied greatly after antifungal exposure. Earlier studies demonstrated strain-dependent variation in metabolic activity of C. parapsilosis biofilms. Moreover, the biofilm metabolic *Indicates statistically significant differences between the control and the drug-exposed biofilm for each species. activity in our study did not correlate with biofilm biomass for all tested strains. As pointed out earlier, differences between metabolic activity and biomass results have important implications for biofilm studies and demonstrated that metabolic measurements based on XTT activity combined with crystal violet biomass and microscopic analysis may be of interest for comparisons between different strains and species [28, 29] .
Some studies have reported the tolerance of mature biofilms of the C. parapsilosis complex to antifungal drugs [15, 30, 31] . In this study, despite the high SMIC values found, AMB and CAS presented inhibitory activity against mature biofilms, mainly against C. metapsilosis, which showed the lowest metabolic activity and biomass after exposure to these drugs. These findings corroborate recent studies that demonstrated the inhibitory activity of AMB and CAS against mature biofilms of the C. parapsilosis complex [15, 30, 31] . In this study, scattering of mature biofilms increased after exposure to AMB and CAS, but statistical differences were only observed against C. orthopsilosis and C. metapsilosis biofilms, especially after AMB exposure. As previously stated, the biofilms of these species are mainly formed by blastoconidia, while those of C. parapsilosis sensu stricto are mainly composed by pseudohyphae. Yeast filamentation has been associated with increased adherence to abiotic surfaces and biofilm-forming ability [12, 13] , which, in turn, may contribute for antifungal resistance [16] . Therefore, the predominance of blastoconidia in C. orthopsilosis and C. metapsilosis biofilms may make them more susceptible to adverse factors, including antifungal drugs.
The literature reports that isolates of the C. parapsilosis complex produce phospholipases [32] , proteases [3] , and haemolysins [32] . In this study, 55.1 % of C. parapsilosis sensu stricto, 42.1 % of C. orthopsilosis and 33.3 % of C. metapsilosis produced both phospholipases and proteases. Similarly, Treviño-Rangel et al. [32] reported that most of the tested C. parapsilosis sensu stricto, C. orthopsilosis and C. metapsilosis isolates presented Pz, whereas Brilhante et al. [14] reported protease-producing strains but none of them produced phospholipases. In this study, 34/49 strains of C. parapsilosis sensu stricto, and all strains of C. orthopsilosis and C. metapsilosis, presented haemolytic activity on blood agar, corroborating the findings of other authors [13, 20, 32] . However, there are no reports categorizing the haemolytic activity of the C. parapsilosis complex in complete (b-haemolysis), incomplete (a-haemolysis) or non-haemolytic (g-haemolysis), according to the conventional microbiological nomenclature, as described for the other species of Candida [3, 23] .
Concerning the pathogenicity assay using C. elegans as an infection model, the results demonstrated a significantly higher mortality rate of worms fed on the C. parapsilosis complex than that of worms fed on E. coli OP50, with emphasis on C. parapsilosis sensu stricto and C. orthopsilosis. Pseudohyphae breaking through the pseudocoelom and cuticle of the nematodes were also observed. Although there are no reports on the pathogenicity of C. parapsilosis species for C. elegans, studies using the Galleria mellonella model have found a statistically higher survival rate after inoculation with C. metapsilosis than C. parapsilosis sensu stricto and C. orthopsilosis [17, 33] . In addition, Gago et al.
[17] reported the production of pseudohyphae by C. parapsilosis sensu stricto and C. orthopsilosis and severe tissue damage with numerous areas of infection in the dead G. mellonella larvae, suggesting that fungal filamentation is an important virulence factor involved in the pathogenesis of these species.
In summary, C. orthopsilosis and C. metapsilosis showed different susceptibility profile to classic antifungal agents. Regarding mature biofilms, AMB and CAS reduced the biofilm metabolic activity and de-structured and scattered the biomass of these biofilms, especially against C. orthopsilosis and C. metapsilosis. In addition, the three cryptic species of the C. parapsilosis complex were pathogenic to the C. elegans model of infection. These results demonstrate the heterogeneity of these cryptic species concerning antifungal susceptibility, virulence and pathogenic potential, emphasizing the relevance of monitoring these emerging pathogens.
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